Background: Helicobacter pylori (HP) infection is one of the hypothesized infectious etiologies of gastric cancer (GC) and other gastroduodenal diseases. It was suggested that other infectious agents, including oncogenic viruses, may increase the risk of gastroduodenal diseases. A number of reports regarding JC polyomavirus (JCPyV) have shown that JCPyV could be implicated in colorectal cancer and gastrointestinal carcinogenesis. Objective: The current investigation aimed to investigate whether JCPyV could have any association with the pathogenesis of gastroduodenal diseases either alone or together with HP. Methods: A total of 237 fresh or formalin-fixed and paraffin-embedded gastroduodenal samples were examined by quantitative real-time polymerase chain reaction targeting the JCPyV large tumor antigen (LTag) oncogene, and viral load was determined as viral copy number/cell. Results: In total, 2 out of 237 samples (0.8%) were positive for JCPyV LTag DNA. One positive sample derived from diffuse-type gastric adenocarcinoma (6.8 × 10
Introduction
Gastroduodenal diseases are a diverse group of medical conditions affecting the stomach and the duodenum. Gastritis (GA), gastric ulcer (GU), duodenal ulcer (DU), and gastric cancer (GC) comprise a significant source of morbidity and mortality worldwide [1] . GC is still the second most frequent cause of cancer death in the world [2, 3] . Gastroduodenal ulcers are regarded as a risk factor for GC, and approximately 2% of patients with GC showed evidence of GU [4, 5] . It has been suggested that both genetic and environmental factors play a role in the causation of GC and gastroduodenal diseases. Helicobacter pylori (HP) infection, smoking, dietary factors, and long-term use of nonsteroidal anti-inflammatory drugs are the most important environmental factors associated with an increased risk of gastroduodenal diseases [6] .
With respect to infectious etiologies of gastroduodenal diseases, HP infection has been among the most widely investigated. Strong associations between HP infection and gastroduodenal diseases were demonstrated in numerous studies [7] . However, a fraction of gastroduodenal diseases can also occur in the absence of HP infection [8, 9] . This fact indicates that there must be additional causes of gastroduodenal diseases. Recently, the hypothesis that oncogenic viruses may be correlated with the etiology of GC and gastroduodenal diseases has also been proposed. Throughout the world, approximately 6-16% of gastric carcinoma cases are associated with Epstein-Barr virus [10] . In addition, several recent reports indicated possible associations between Epstein-Barr virus and gastroduodenal ulcers [11] [12] [13] .
Recently, a number of reports regarding JC polyomavirus (JCPyV) showed that JCPyV could be implicated in colorectal cancer and gastrointestinal carcinogenesis [10, 14] . Infection with JCPyV is ubiquitous, and approximately 90% of the world's adult population carries antibodies against the virus [15] . There is scarce information about prevalence of JCPyV in the immunocompetent Iranian population. In two separate studies researchers observed that 33 and 38.3% of healthy individuals excrete JCPyV in their urine [16, 17] . In addition, there is no information about JCPyV seroprevalence in the immunocompetent Iranian population, and the only reliable seroprevalence study refers to multiple sclerosis patients, in whom the JCPyV seroprevalence was 58.6% [18] . The mode of JCPyV transmission among individuals remains to be determined. However, the fact that JCPyV has been detected in tonsillar tissue supports a respiratory route [19] . In addition, JCPyV transmission through the gastrointestinal tract by means of feces/urine-contaminated water has also been proposed [20] . The virus has the ability to transform mammalian cells in culture, and the oncogenic potential of JCPyV was established in several animal models [21] . Large tumor antigen (LTag) of JCPyV has been demonstrated to mediate the oncogenic potential of the virus. The expression of JCPyV LTag has been significantly associated with chromosomal instability in a colon cancer cell line [22] . In addition, expression of JCPyV LTag has been demonstrated in a subset of GC samples, and LTag-positive GCs showed a considerable increase in allelic losses and aberrant methylation [23, 24] . Moreover, according to a recent study, the JCPyV DNA load was significantly higher in GCs than in normal gastric tissue [15] . However, the association of JCPyV with other gastroduodenal lesions that carry a risk of malignant transformation, including GA, GU, and DU, has not been clarified to date.
Thus, the facts reviewed above encouraged us to investigate whether JCPyV could have any association with the pathogenesis of gastroduodenal diseases either alone or together with HP. In this study, we tested 237 fresh or formalin-fixed and paraffin-embedded (FFPE) samples of Iranian patients diagnosed with gastroduodenal diseases (GA, GU, DU, or GC) as well as gastric congested mucosa (CM) from healthy subjects for the presence of JCPyV LTag sequences by quantitative real-time polymerase chain reaction (PCR). 
Materials and Methods

Clinical Samples
In this cross-sectional study, a total of 237 samples (129 gastroduodenal fresh biopsy samples and 108 FFPE resection specimens) were collected. Out of the 129 gastroduodenal fresh biopsy samples, 52 had a histopathologic GA diagnosis, 20 and 31 samples had a GU and a DU diagnosis, respectively, and 26 samples were diagnosed as GC. Of the 108 FFPE samples, 55 had a GC histopathologic diagnosis and 53 cases were CM from healthy subjects. Gastroduodenal fresh biopsy samples were obtained from patients who underwent endoscopy at the Gastroenterology Department of Ayatollah Rouhani and Shahid Beheshti Hospitals, affiliated to Babol University of Medical Sciences. FFPE resection specimens were collected from the archives of the Pathology Department of Ayatollah Rouhani Hospital affiliated to Babol University of Medical Sciences. Gastroduodenal diseases were diagnosed according to clinical, endoscopic, and histopathologic examinations [13] .
DNA Extraction
Deparaffinization of FFPE resection specimens was done according to a previously described procedure [25, 26] . Briefly, a number of 5-μm tissue sections were collected in a sterile microcentrifuge tube. To dissolve the paraffin, FFPE sections were incubated three times in 500 μL of xylene for 10 min at 60 ° C and were subsequently washed with absolute ethanol. DNA was isolated from fresh and FFPE samples by using the DNA Extraction Mini Kit from Tissue (Yekta TajhizAzma, Tehran, Iran). In brief, for tissue digestion 200 μL of tissue lysis buffer and 20 μL of proteinase K (10 mg/mL) were added to each tube. Samples were subsequently incubated at 60 ° C until the tissue was completely lysed. DNA cleanup was done by mini spin column (silica matrix) according to the manufacturer's instructions. Sterile microcentrifuge tubes containing only reaction mixtures were processed simultaneously with the tissue samples as an extraction-negative control. The quality and quantity of purified DNA was determined using a NanoDrop spectrophotometer (Thermo Scientific, Wilmington, NC, USA). The mean weight of the starting FFPE and fresh tissue samples was 25 mg. The yield of DNA for fresh tissue samples was in the range of ∼100-400 ng/µL, while in FFPE tissue samples it was in the range of ∼30-70 ng/µL. The A260/A280 ratio of eluted DNA from fresh and FFPE tissue samples was ∼1.7, which showed good quality of genomic DNA.
To determine DNA extraction efficiency, a known amount of plasmids carrying the target JCPyV LTag sequence (10 4 -10 6 copies/µL of recombinant plasmids) were added to three negative tissue specimens, and total DNA was extracted according to the commercial kit instructions. Recovery of the spiked recombinant plasmids was assessed via quantitative real-time PCR. The ratio of the amount of DNA recovered (quantitated) to the original amount of DNA (known) represents the true extraction efficiency. In our experiment, the average of true DNA extraction efficiency was 30%.
JCPyV Quantitative Real-Time PCR
The real-time PCR method was utilized to detect and measure the amount of JCPyV LTag DNA load. The JCPyV LTag DNA load was determined as the viral DNA copies/RNase P gene copy (a proven single copy gene), which described the copy number/cell. Construction of plasmids containing cloned target sequences of JCPyV LTag and human RNase P gene (quantitative standards for real-time PCR) was described previously [27, 28] . Quantitative real-time PCR was conducted using a Rotor-Gene ® Q (Qiagen GmbH, Hilden, Germany) real-time PCR system by the primer sets and TaqMan probe specific for the JCPyV LTag gene and the human RNase P gene according to a previously described procedure [29, 30] . Each reaction consisted of 100 ng of extracted DNA. To assess the sensitivity of the real-time PCR assay, a standard curve was generated using tenfold dilution series of JCPyV LTag plasmid in genomic extracts obtained from JCPyV-negative fresh and FFPE samples. Dilution experiments using purified plasmid containing JCPyV LTag amplicon showed that the real-time PCR assay invariably detected 50 copies of the JCPyV LTag plasmid on a background of 100 ng of genomic DNA.
Results
Patient Characteristics
Among the 237 enrolled participants (mean age 53.3 ± 16.7 years, range 15-90 years), 81 (34.2%) had GC, 51 (21.5%) had GA, 20 (8.4%) had GU, and 32 (13.5%) had DU; 53 samples (22.4%) were CM of healthy subjects. Out of the 81 patients with GC, 69 (85.2%) had gastric adenocarcinoma, intestinal type and 11 (13.6%) had gastric adenocarcinoma, diffuse type. The type of gastric adenocarcinoma was not determined in 1 sample. All GC samples were primary in site. A majority of the samples with GC and GU histopathologic diagnosis were categorized in the age groups > 55 years, whereas most samples with GA, DU, and CM diagnosis were categorized in the age group ≤55 years. A family history of GC was seen in 21.9 and 25.0% of the GC and GU groups, respectively, whereas 13.3% of DU, 10.0% of CM, and 9.8% of GA cases had a history of GC in their families. HP infection was detected in 90.3% of DU, 39.5% of GC, 35.0% of GU, and 22.4% of GA subjects. However, none of the CM samples from healthy subjects were HP positive. Table 1 shows the demographic characteristics of subjects according to HP infection.
Detection and Quantitation of JCPyV
Human RNase P gene was present in the extracted DNA from all samples (mean RNase P gene copy number: 8.7 × 10 5 ± 1.6 × 10 3 copies/μL, range 4 × 10 3 to 7.5 × 10 6 copies/μL). JCPyV occurrence was evaluated by quantitative real-time PCR targeting JCPyV LTag gene. In total, only 2 out of 237 samples (0.8%) were positive for JCPyV LTag DNA. One positive sample belonged to a patient with diffuse-type gastric adenocarcinoma (1 out of 11, 9.0%), while the other JCPyV-positive sample was obtained from a patient with GA (1 out of 51, 1.9%). In detail, the first one was a 61-year-old female patient with a gastric adenocarcinoma diagnosis and without a family history of GC. The patient had no history of alcohol drinking and smoking. The JCPyV LTag copy number in this case was 6.8 × 10
-3 copies/cell. The second patient was Values are presented as n (%) or mean (range). CM, congested mucosa; DU, duodenal ulcer; GA, gastritis; GC, gastric cancer; GU, gastric ulcer; HP, Helicobacter pylori. a 28-year-old man with a GA diagnosis and without a family history of GC. The patient had a history of alcohol consumption and smoking. The GA case showed 2.5 × 10 -3 copies/cell of JCPyV LTag DNA. Both JCPyV-positive patients were negative for HP infection.
Discussion
Growing evidence indicates that several common viruses may play an important role as causative agents of human malignancies [31, 32] . JCPyV is a ubiquitous virus with oncogenic potential and has been strongly suspected in carcinogenesis throughout the gastrointestinal tract [23, [33] [34] [35] [36] [37] . Taking cues from the possible implication of JCPyV LTag in gastrointestinal tumors, in the present study we determined the presence of JCPyV LTag sequences in Iranian patients with GC and other gastroduodenal diseases. Moreover, we evaluated the JCPyV LTagpositive samples in terms of viral copy numbers/cell. In this study only two samples (1 GC and 1 GA) were positive for JCPyV LTag sequences. Our result reveals a very low frequency of JCPyV LTag sequences in GC and other gastroduodenal diseases, which is inconsistent with a number of other reports [15, 23, 36] . One possible explanation for this inconsistency is the high percentage of FFPE samples in our GC group (67.9%); the detection rate of JCPyV DNA sequences could be significantly reduced in FFPE samples [15, 38] . Another plausible explanation could be geographic and ethnic variations in JCPyV distribution. The JCPyV LTag sequence was detected in 26.0% of Tunisian GC patients [36] . In addition, 57.0% of Korean [23] and 86.3% of Japanese [15] GC patients harbored the JCPyV LTag sequence in their neoplastic tissues. In addition, to address the sensitivity of our assay, the forward JCPyV primer contains a mismatch (T/C) in position 7 that matches different JCPyV variants isolated in Asia, including isolates identified in Iran (GenBank AKX816852 and KJ719314). In the present investigation, low copy numbers of JCPyV LTag gene/cell were detected in our two positive samples. In our opinion, low copy numbers of JCPyV genome in gastric tissue weaken the hypothesis of a pathogenic role of JCPyV in tumor induction and might be explained by simple persistent viral replication as a passenger virus during the development of GC. In addition, low copy number of JCPyV may indicate unsuccessful viral replication largely due to nonfunctional LTag.
Despite this, further limitations regarding the present investigation should be highlighted, including the retrospective setting and the high percentage of FFPE samples in our GC group. Moreover, there is an absence of p53/pRb SNP data in the Iranian population and also an absence of LTag sequence variations in the endemic JCPyV.
Taken together, the present study provides the first data on the prevalence of JCPyV in Iranian patients with GC and other gastroduodenal diseases. The current investigation suggests no association between JCPyV infection and gastroduodenal diseases. More worldwide epidemiological studies should be done to ascertain the role of JCPyV in gastric carcinogenesis.
